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BACKGROUND OF THE INVENTION 

This Invention lelatBs to an Image prMsaajng apparaluB whIoJi pro6BS8ftB data for a cdour Image «a as 
to display the colour Imaae by a dbplay device, auoh as a liquid crystal display. 
6 Racently. Uqi4l<i crystal dteplays have bean uaad as display davlcaa of personal computere. word pracaa- 

''^^-ma'^S'STblatable liquid crystal ajamant has bean pnipoeed by aark and Laaarwail (U.S. Patent 
4.367.924). Farmoladrlo liquid oryatal having CbW emaotic C phase (Sm C *) or H phase 3m H •) s U8i«My ■ 
uaad BS the bistable liquid oryatal. This liquid oryslal has bistable states In an electrlo field, Inoludlno^aflrat • 

ffl optically stable state (first orteniatlon atata) end a aafiond optically atgble atato second ort^n^""" f 
corilnai.unIlteanoplloalmod«tetlonelamentuBedlnaTN(twlBtn«i«tte)typelW^ 
teoriented in thefl.it optically atabla atata for one elecWo field vector, and thellquW crystal la orfented hi the 
aacond optically stable Btate for the other electric field vector. ' 

The liquid oryatal of Ihta typo quIcWy i^sponds |o the applied elecbrta field to assume one of the two stable 

It stales and malniBlns the state when the elaoWo field Is removed. *,„hr„n.i.i« 
However, the bistable liquid crystal element haa only two states, so a liquid crystal display vfhioh consists 
of such bistable liquid crystal calls cannot display a half ton" Inwoe or a full odour Image. 

SUMMARV- OF THE INVENTION 

The prsaont Invention has been made In the light of the above problems and to object Is to provide an 
image procaaslng apparatus and method whiflh can display a oolow Image with rloh^^^ 

The present Invention also prowldea an Image procaesing apparatus and method which can display afUO 
odour Image by ualng a display devloa, of whichaacft display element dteplayaanlmage with atleflBt two levels. 
The prea ent Invention also provldee an Image processing apparatus and method which con dbplay a colour 

Image having low brlghtneaa without the daiarloratlon of the tmage quality. 

Accortlngtoaflnit aapartofthe praaontlnviintlon. there Is provided an Image prooesalng apparatus, comr 
prisma extTBotlon means forexHactlnfl white component '^tetrom ctfour data repmsentog a « 
generating means lor gerieratlng colour display data on the basis o the colour data «nd ' to whte ^mf^^^^ 
data, the colour display data Including whte display data; and display maane for displaying a cdour Image In 
accordance with the ooloure display data, aaU display meaw displaying white pixels In accordance with the 
whlta cHapjay data. . ^ ^ , .^^ 

Accortlna to a eecond aepeot of the praaant Invention, there Is provided an Image proceaalns apparatus 
camprishBaxtraatmsmeenBtbrexlractlngwhltBoomponerrtdatam^ 
3B 8uppmaa!ngmeanBfor6uppraselnQthB^hItecomponentdata;fl6neTqtlTigmear«^^ 

dotg an the ba£>le of the colour data and the auppresaed white aomponanl data; and display means fdr dle- 
playlng a odour Image In acoordance with the colour dleplay data. „^^«4,.n «.m- 

Aoix3rt!ngtoathlfdflBp8(rtofthepraaantlnvDntiDn.tharel8provIdedanlma^ 
prising: Inputmaanafor Inputting mulH-laval colourdata rapraaentlng a colour Image; ppoud hatftone proc^^ 
40 inameaneforparformlngonthfimultWevalnolourdataapeeudhal^^^^ 

by confrolling tha rata of pbcela !n a unit araa. and dlBplay meana for dlaplaylng a colour Image In accordance 
with the colour data 6Ul>Jectad to the pasud halftone prooeaa. ^ , 

AaoordIng to a fourth aspect of the present Invention, there la provWad an Image prooeaslng apparatus, 
comprlelna: input means for Inputting colour data rapreaentlng a colour Imaga] prooasslng means for process- 
45 Ina the colour data to produce colour display data; and display means for dlsplsymg a colour Image on tha 
baala of the colour display data; characterlaad In that aald display means displays the ootour Imago using a 
plurality of two laval pbcals, and that aald pwcasalns means produces tha colour display data which expraases 
halftone Imagas using the plurality of tvuo level pbajs. ' 
Aooonilng to further aapaclB of the prsHant Invantlon, there are provided mokhode of Image prooesaing 
BD which ara carried out by apparatua In acoordanofl with the flrat, aaoond, third and fourth aapocte of tha praaertt 

"^Ttla afof«aald ot>|ectlVft9 and of foots and othar objectives and effeols of tha piBsent Invantion are evident 
from tha following ojcamplas of praferrod embodiments In accordance with the invantion. 

ffi BFyEF DESCRIPnON OF THE DRAWINGS 

Figure 1 1s a block diagram of an Imago procasalng apparatus In accordance, with an embodiment of the 
present Invention; 
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Ftawre 2 la a drawing to show a part of a liquid crystal display panel; ^,uu„ 

Ftaure a |8 alabia to showatxteen fioloura which can be displayed by a baalo unit in accordance with an 

em&ocKmant of ttia Invention; ■ 

Figure 4 te a drawing to ahow ths process of extractinfl W data; 
fi Figure 5 Is a WqCI; diagram of a peeud halftone procosson 

FIgura 6 la a drawing to ehow an example of wajght coefflojants; 

Figure r la a liloctc diagram of a display; . ^ „ 

Ftaure 8 te a drawing to ahow the operation of a farroalafltrio llquM oryatal, 

Figure 9 Is d drawing to show the atataa of a farroalaolrlo liquid crystal; 
1Q Figures 1 0A, B and 0 Hlustr^ the procaas of gensratlng R'. G', B'.W data; • ^ 

= FIgura 11 iTa t)lDCk diagram of another Image pnjcaaalnfl apparatua In accordance v/tth a aaoond embpdl- 

mant of the Dresant invention; and -xu ^u^ji 

Rgvre 12 la a blockdbgram of another Image proeesBing apparatua Inaccordanca with aturtharambodl- 

marit of tha praaent Invanklon. 



20 



DESCRIPTION OF THE PREFERRED BMBOPWENT 

Ftaurs 1 ahowa a block diagram of an Imago prooBBsIng apparaUis embodylnfl tha presant Invention. Tha 
image pr^aX appil^a comP-1fi« « minimum value dotador 11, aubtradora 13-1 - 13^. psaud haiftona 
SsMm lZl . iKnd a display 1 S. Rad (R). Grean (6) and Blua (B) colour data rapraaantlng a colour 
toiBBeara Inputted from an axtBrnaldevloa. audi as a host computer, plx^ by plicaU 

Tha dbpW 15 haa a liquid cryata! display panel which la composed of farroalactrlc llquU crystal. On tha 
liquid oryS dteplay panel. 640 x 560 liquid cryatal calls, each of which can assume two atates. I.b, a trans- 
oarantBtatB and an opaquaalote, are arranged In a matrix baala. ^ , j . . 

S aVhowB a iSt of the liquid cryatal display panel 50. A basic unit 51 tbrma a pbcal consbbo 
fourffi cr;ataUa?i^ach atala of whl^h oanba Indapendantly oontrollad. Namaly. the 'our Md cryatal 
oelS trsnamltor ahul off tha llghtfrom tha bad< of the liquid cryatal display panal 50. laapacavaly. 

F^r Sriltars. rod (R). gman (Q); blua (B) a^ 
calls In tha basic unit 51. Themfoca, tha basic unit 51 can display alrfean ooloura shown In Figure 3 by con- 
aft Imlllnfl tha atatea of the four llquW <»y8tal wllfi. Independently. , . — .h„ .w 

In FIgura 3. -r rapresanlB a transpa™* state and -O- lepraaanta an opaque «f«a- Thus, tha "quW "ysW 
dtep ay panal » b prcvUed with not only R,Q,Bfllt»re but also Wflltara. Accordingly, it can dtei^ay extra eight 
SaflcLlteW grayJIflW Uua and ao on. which cannot ba displayed ^ 

On the llduM cryatal display pond 60, twenty sets of baalounB 61 are arranged in one i^uara m Umatt^ 
Acolourdl6playedbyBBohtrfauchasmallbaBlounlt51cannolborecu>antaBdbyhumanvlm 
TlSSfwiTSr ajmpcaad of mbctures of octoura of neighbouring dozana of pbcala (basic unlta) can be rec 

""""Sardlngiy. if a paeud halftone proceee. which oxpraaaaa a halftons Image by controlling the rata of pto^^^ 
to bo SlaS n a unit area, la perfumed on R,Q.B colour data, a ftjll colour bnaga can be dtaplEvad by the 
SuS ciSSS Jf7anal 60. of which each liquid cryatal call displays binary tmaga and each basic unit dla- 

'^"'^hTrSlnlSJ^^ua delectcr 11 datacta a minimum value among the S-blt R.Q,B colourdata auppllad fitirn 
a host oomputar via a data bua. pixel by pUal. The minimum value datsotad by tha minimum value detector 11 
b treated as W data which rapreaBnts a white component. ,^ ^ ^. . 

^Jepmcaas of extracting IheWdatafmm tha R,G.Bt»lourdatawaiba described 

In Fldura 4. when all the ao.B coiour data la 255 l.a. B-Wts, a white Imago la rapreaanted by tha R,Q.B 
cololD SflrTiJSn mim value among tha R.G.B colour data MIn (R.G.B) cor^aponds to a white 

'""SoS'rif fh* I" ^ tha W data. R'.G'.B- data, which are used for driving tte 

llqulSSay panel OT. can ba formed by removing tha W componanlft»m RG.B 00^^ 

tlvely. aa expraaaad tiy equations (1). 
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V ^ Kin (R,S,B) 
R' = R - W 
G' = G - W 
B' B - W 



(1) 



The Bublraotora 13-1 - 13-a subtract the W dw», wtiloh obtained by the minimum valu9 detector 11. from 
the R.Q.B colour data..reapectlvaly, SO as to flenorata the R'.ff.B' data exprwead >" «q"="">8 

The K.E^da«8 are multi-value data, 80 thay lann^^ 
<« nanai 50 of whlcli llauld cryatel cells eaeume two etataa. 

ThlfirS PMUd hJdflone p«.cesBia 14-1 - parfbrm the paeud halttone procesaae on the 
R. G. K dl rLpSX«-™ to invert tham into bln»y drtvlng data, U. R".e".B-.W data *hlch «^ 
reipo'nd'totheyquldcrystalo6llspfBvidedwlththeR.Q^.WflllaiB. v*teh eiu«fleaa a 

The paeud halftone pracaaaoni 14-1 - 14-4 may parfbrm the ptaud helttone process, which «xp«a8e8 a 
haIfSeCeroonlmlllngtherateofplxel8tBl»dM«yedtaaunlt^^^^ 

S?n Sd. an ordered dither prooeas and eo on. Datalle of auch meihoda era dtectowd In ^-^J'^^^ 
SSsTe Sd Se Ti^naectlona on Communlcatlone, Vd. Com-Sa, No.12, December 1081. pagee 189^ 

2S aocordanoe with the error dlfftiaioi. method end the R data la aeaumad ae Imago dab 

TthaerrordinUalontnethod.1mB8edataX8laBddadbyenaddar81 value wWch to o^^^^ 
tbriylng a weight ooefflclent a IJ designated by a welghUng droult 82 to en error sfl (the <1W^^"» 
Sin dBte)eiJ which hae previously been generated and outputdate YID atored In an error bufTarmemory 
aa. The adding pmcaaa can be axprsflsad by the following aquation: 



Flg«ra 6 ehowa an example of wolghl ooefflclente. In Figure 8, * Indlcatea a poaltton of a pixel whldb ie at 

"^TeSTtfle^lJ^Slala XI to compared with the threehold value T 
byaSroSsi^oth^LtaYlJlsoutpu^ 

40 data la etorad Into en output buffar 87 and mippHad to the diaplay 1 B. , , , . ^, . ,„ 
data M flic^™ ino. p ^ Y.j_ , 

bv rSlolylnfl the dStf^ YU output ftom the binertsing circuit 84 by 266. la calculated by a «l»"latar 86. TT>e 
SsTSthoScSataras la^mdlnta an area at a position correaponding toe pixel poslttan B6ln theerror 

'^|' "J!2,|lSh08^ blnarteaUon due to the error dlflueton method teaxBOatfld, 

?i;aSSrep?oce3.o«14.2.14-3canbeiealisedbytheBam 

*^'Z '^^^"^^"m^^^X the blnarielng proceaa of the peaud halftone p«oe.aore 1^1 - 
data oSad by the paoud halftone proceaa. Amuitlplexer42 rea^^^ 

to PlxBlTo as to erraige them In a data armngamant corresponding to that of the R.Q.B.W f ilteie ehown Ui 
S^S.Af«i3ry 43 stoma alrame of the R'.G-.B«.W« binary data subjected to the rearrangement 

^ * A drplS^lrSto-44 reada out the R".G«.B«,W binary data from the f>ame memory 43, Una by line, and 
supplies them to a 6hlftrBglatflr4B In a serial manner. j--„j„rin 
Ths dlapley canWler 44 elao supplies contrd algnalsto e line memory 46. a drMr^r end a dModer4B. 
Theshlftwgleter4fiaupplleaBllneeftheR^Q^e^W'blnarydatalothellnememory4Blnp^ 
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Tha line m«nary48 Buppllea the R\G-,B".W" Woary data to tKe drlver47 as binary aignato Indicating ON/OFF 
12 Of aZo rtttellquld crystal cdte. The *lv«r47 drives each of the liquid cryata cells of the nquld cryatal 
display panel 50 In iBfiPonae to the R",G-.B«,W" Unary data fnm the line memory 46. 

•Sie deceder48 hdteatea a line to be driven. Adnver49 sequentially drtvae the liquid crystal cells of the 

6 llQuld CTyatal diBplw panel 60, line by line. .. ,j ,ji 

Accort1ngtotteflbovaconstruct1on,eaohaf640x6eol1qulderyBtalcellBonthellquld^W^ 

60 aa^Sma elSer the transpa^nt atete or the opaque etate In reaponae » B'.W' Jj^a. Tha^^^^^ 

a fUll colpur bnage repreaanted by the R.Q.B colour data is diaplayad on the 1^^ 

Aa «Jla7ed abive, the whta component to extmoted fh.m the Input R^.B colour data and fuH «-our 
« knege display data. I.e. Red, Green, Blue and White display data, ars foniied on the basis « the exacted 

white component Then afuH ookmrlmage la displayed bythellquM crystal P«"t''"«»i*?',^"^^^'» 
. - we provided innddltlon to red, gtaan, blue fKem. In accardancev^lth the Red. G«en. Blue endWhlte dbplay 

"^cording to this embodiment, a full colour bnage can be dbplayed with rtcJi coloura by uana the liquid . 
it crystal display panel, each liquid n-ystBl call ofwhloh displays binary imaee- 

"Te^dss, the pa^ud halftone prioess, stioh asan error diffusion method oren ortered d'her pr«|ees to 
parformsd on the mullHeval data rapresantlng a colour Image, eo as to oWaIn binary colour Imase data sub- 

''°'?c^rt7nB''to'SlJS 
20 aach liquid crystal call Of Which aasumestuvo states. ^ , u_ 

It will brappreclated that the combination of the pseud halftone process and the display may be used 
vulthoul the white fJtsrs. 

The liquid cryatal display panel 50 will now be descrlbod In detail. 

Chlral 6nwc«cllq«ld crystal having ferroelecWc properly Is parttolarlyaultable as a llquKi crystal material 
2S usadfQrlhsllquldcry8taldlap|aypanBl50.8pecmo6lly.ohlralsmectlcCphaee(^^^^^ 

<3m Q*l, chKal smecUc F phase (3m chlml smedlo I phase (Sm L) or ehlral smectb H phase (Sm H.) 
£l^srmaybeu8sd.DatalsofthefsrrDatenlrlc||quldoryafalarsd 

tels-^U Journal do Physique Letters 1 B/S. No. 36 (L-88). "Submlero Second Btoble HedjOHoptIc Swltchlna 
S Liquw StsIsI^ Appl^^^ Physics Letters, 18M, No. 36 (11). and liquid Crystals- Solld-State Physics of Ja- 

''''^M^Brta eXSes of the ferroeledrle liquid crystal compound am deiqiUKybenzylldone_^P'-amlno^ 
thylbulylclnnamate (DABAMBC), hexyloxyi>en2ylldaneis'-amlno.2<Woroprt»pyl clnnamato (HOBAOPC), and 
4-»-(?-mBthyD-bu^rB6orByllder»^'-octylanlllnB(MBRA8). ,,K™.»,»»«vfrhi«i 
The fsrroelscfalo liquid crystal which exhlbtts cholesteilc phase temperaturs higher than that ^ 
« emscllo phase liquid wystal Is most preferable. Forexample. WphenylBSterllciuld crystal which exhlWte a phase 

w£n" the eSSm Is conalruoted by using one of those matertels, the element may »"PP«|^''y « 
copper block heving a heater embedded therein m order to keep the elsment at a temparatura at which the 
llfluld crytal compound exhibits a desired phase. . „ - ^ 

Figure a shws a cell to explain the oparattoo of the farroelecWc liquid oryateL Tha Sm C* phaao Is as- 

"""NJmsSs aitSa V dSi'ote substrates (glass plal»} ooverod by transparent slecfrodes made of mntSms 
such as ln,0,. Sno, or ITO (Indlum-Un oxide), and 3m 0. phase liquid cryetal which tawianted such ttal a 
liquid crys4l mdeile layer 32 Is normal to the glass plate tsflHed therebetween. Thick lines M represent the 
liquid crystal molecules which form a continuous spiral smiclure in paranal with the substrale p^ane. An eng^ 
between a conlrB axis 33 of the splrst struclure and an axis of the liquid crystal molaajtes S3 Is represented 
by H. TllB liquid crystal molecmea 33 eaoh has a bipolar moment (Pi) 34 orthogonally to the w>IbcuIb, 

When a vollage Wghor than a pradetormlned threshold is appljad between the fiubslretee 31 and 31'. the 
spiral BtrucUjra of the liquid crystal molsDulaa 33 la releaaed and the liquid cryatal molBCUlea 33 may ba roo^ 
lented so that all the bipolar momenta (Pi) 34 m oriented along the elecWo field. The liquid cryatal molecule 
33 Is of Blonoatad ehape and a refraallve Index along a major axis and a refractive Index along a minor axto 
aiB different. Thus, vrfian poladaars whieh b« aoas-nlcol to each other are placed on the oppoalte aides of 
the glass plate, a liquid crystal optloal elsment whose optical oharaBtaristIc changes depending on a pdsrl^ 

"Sa^SbiTsm Kid crystal cell may be vary thin (for example, 10 jim or less). As the liquid crystal 
layer Is thinned, the spiral etruoture of the liquid crystal molecules Is releaaad even under non-af^lcattonof 
theeleotrloflld as shown In Figure 9. and the bipdar moment P or F" Is ortentod either up^ (64) o dowK 
ward (04'). One half of an angle betwvoen the molecula axle of the liquid crystal moleeuto 63 and a direction 
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63' Is calletl B till angla (H) which Is equal to one half of an apw angle of a cona of Ihe spfralstt-ucture. 

ElocWo fields E or E- of diftarent polarily. whioh are hlgharthan a pradBtermlned thmshold, are applied 
ID such a 0B« by voltage applicaUon meane 61 or 61- as shown In Flaure 9. Thua the bipolar mon^t b raor- 
tented upward 84 or downward 64' Inaccortancewlth t^e eleoWtsfleld vector of the ^^f^^^J^'I^^ 
the liquid crystal moleculBS are oriented In eitherthe first stable slatB B3 orthe second stable state 63 

There are two advantagea In ullllslna the farroaleoWolty «b the liquid crystal optical alaiiient, as described ■. 

^"^FTrat. the response spaed Is veryfast. and ssoondly, the orientation of the liquid oryatai mdwulele bist- 
able. The second advantage Is explained with refeftnea to Fbure 9. ,L;<...»,«.ri«ta<««*i„h ' 
When the elBstiteflald E is applied, ihe liquid aystal moleouia Is oriented In the first stable s»te 83 which 
is stable even after the electric field is removed. When the electrlfi field E' of the opposite polarlly Ip appMad.. .• 
. the liquid crystal molacula i^ orlartad In the aacond stable etate 63- which Is eleo stable even af tsr the eleclrto . 

"^'Vhl^nTSeferahly as thin as possible in order to efrectlvely attain the Cast response speed and the blsfr 

" . °''"'aL explained above, accataing to the construction as shown In Fifluro 1, a colour Image Is displajwd by 
using the liquid crystal display panel SO, on which whIts filters are provided In addition (o red, grMH. biuof lltera. 
Accordingly. It Is posslbie to display a ftjD colour imsee with rich coloure. 

However, when pMa having high brlflhlnees. such as while pixels, are apareely dotted within dozens of 

20 pixaia repnsentin? the same colour, euch ptale ere prominent as diffarsntlal granules and lowerthe quallly 

'?D?SSl'^Xrs of low briBMnesa, 6ui4i ee dark grey, dark red. dark green or dark Wue etc., contain 
a little white component So tho Hquid crystal oelie provided with white fillers sparsely become ON state. Con- 
aequentjy, whl» phele eparaaly dot In the displayed Imago and the quality of the displayed Image nw lower, 
2S Hir.thewhllecomponentGan beexpr^ssed bythe combination ofilquld oryatai osHs of low brtgMness 
which are provided with R.Q,B f Itera. hstsad of liquid oryalal ceils of high brightneaa wbloh are provided wKh 

^ ^AcSLdingly, whan the colour of low brightness, such as dark gray or dark red eta, In wlilch while pbcels 
may sparsely dot If the process expressed by the equation (1) is performed, to dlepi^sd. audi "to"' should 
sc bedlspl^edbythsconrwnatlonofliquldorystaloellswhlohareprovidadw^^^ 

crystalcens which ore provided wlthWflHarB.TharBby. white pixeisdo not dot In thadlaplayfld imago and the 

deterloratton of the Image qufiiity can be prevented. . ^ ^ ,uLh 

Alternatively, it is not necessary to prevent the occurrence of Ihe white pbtele. when the «»l°"r°f Wflh 
brightn8BB.ofwhlQh the quality does not lower even If the process expreeoed by equations (Dteperfarmed 
SB Is displayed. Accordingly, the colour of high brightaess should bo displayed fusing "luW ofyf f = f '^^ 
are provided with not only R.G,Bf»ter8 butalao W f Dtsrs. Thus, a full cotourhnege can be dh>played with rich 

"'"HTvlow of thaae circumstance, the W data, which is repraaented by the minimum vahie among the R,3,B 
cdourdata, la converted in aocordanea with a predaiermlMd conversion oharBCtari8llo.ThIa converalon ohar^ 
« aetariatic suppr«aaea white component at the range where the amount of white component to relatively low. 
Then, the white compwient which to suppreflaed by this oom«Mslon to compensated by taoroaslng the amount 

°' '^'-pif prao^to^neratlna R'.Q'.B'.W dalafrom the R.Q,B colaurdata by using anoihiinaar eharacteristle 
will now be explained with reference to Figure 10. 
4B In Figure 1 0(A), a minimum value among the R,Q.B colourdata (Mln (R.6.B)) corraaponds to a white com- 

''""Thal'tha W data reprooentlng ths white component value (Mln (R,6,B)) to converted Into W data In ao- 
cordanoa with the nonHlnearohmractBristioWshown In Figure 10(B). The R-.B-.Q- data are formed by 8Ul>. 
tracttng the W data representing white ocmponont subjeoted io the non-linear eonverelon flrom the R,G,B ool- 
fiP our data, respectively, ae expreaaad by equations (2). 
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W ^ f (W) = 255 X / W_ 
I 255 

G'. C5-W' 
0* = B-W 



(2) 
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25 
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Wherein a Is a non-llnaar conversion pqr^imetar. with a Bultable valu^ ^ "if P/?^^^ 

by tjTw date deor/aaaB, In oornparlson with th«t represented by tha W data, which la not subjected to the 
non-llnaar oonveralon. Then, the amount of each of the R,G3 oomponente Incraafiae m responee to the da- 
oreaeo of the White oomponanL 

For example, in Figure 10{B). when ^ . reprepente the white component which 1$ not ewbjectod to the 
non-linearconvarBion^.thewhlteoomfwiantte^uppreaaedfrom ^^to^r in accordance with the above 
non-llnaarconv0r&lon.TTi8 decrease erf the white coinponant( ^ - -uT' ) la added to the R,Q.B com- 
ponents, re3pectlvflly, so aa to ogmpansatD the fall In the brlghtnaae of the Image to be diaplayed. 

Ffgwa 11 BhowB a btocK dlaflmm of an ImaBe pmceaging epparatua having the function of euppresalng 
tha white compOTienl expressed by tha squatlona (2). . . . 49 «.h. 

Tha imaae Procesalng apparatoa compHaee a minimum valua detector 11. a non-llaear convBrter12. sutn 
tractors 13^1 - 13-3, pseud halftone proceeeora 1^1 « 14^ and a dteplay 15. The oonatructlon la the ^me aa 
that shown In Figure 1 except the non-linear converter 12. ^ . ^ . , u. v« 

Trmlnlmum^ detecitor 11 detacta a minimum value among the Wit R,G3 colour data and outputs 
the detacied minimum value aeW data. i™ « a^*v.fHnnr^«.uh 

■Ria nan-linear converter 1 2 parforms the non-Hnear converelon on the Inputted W data in accordance with 
the non-ilneo- oharBotoriatlo f(W) ahown In Figure 11 (B). Namdy. the W data la euWected to the norvilne^ 
corrveralon which auppressea the whtta-componant at the range where the amount of the white componant fa 

'^'^ toSi^bodimant. the non-ilnsarcanverelon ia parformad by ueTng alook^uptable stored In ROM or RAM 
which la Included In the non-linear oonvarier 12. ^o*-^*k«B AR^^tm... 

Sublractora 1 S-1 - 1 3-3 subtract tha W data otitalned by the non-lln»ar converter 1 2 from the R,Q,B colour 
data. rBspacllvely, so aa to form the R\Q'.B' data axpreaaed by the equaHona (2). 

Thua formed R'.G'B'.W data are subjected to tha pseud haiftone procses by tha pseud halftone pwcea- 
aora 14«1 - 14-4. raepecllvely, to obtain binary drhrfng data. I.e. R^O^a^W' data whloh drive tha liquid cryatal 
calls provided with khe R.Q,B.WfiMera. Tha R^Q^B^W'' data era auppii^ ^t*!!*'**"^?^^ H.«n,«vl™ 

AS explained above, the white component, which la «dmctod from the R.Q.B oolour d«t» J^' <^j?^«^^^^ 
the wlilto pixels, ta eubjaded to the nonlinear oonverslon, eo aa to auppreas the white pixeia to be displayed 
by using the liquid cryetalealla on which the Wfllteia are provided. , ....... 

Accordingly, In the case where a colour Imago havlnp low brtghtn^ae la displayed, tha white pUate do not 
spaiBoiydotand the detariorailonofthalnaga quality can be prevented. t,uu««. 

Moreover, a oolour Imftfie having high biightness Is dfeplayad by using the liquid crystal cells on which not 
only the R.G.B fUtara but also the W filter ore provided, so It can be displayed with rich oolours. 

On the other hand, various conversion charaoterlsHcB other than the non-Hnear chmacterlstto ahown In 
Figure 1 0(B) may bo adopted to auppreaa the whita pbtale which are displayed by the liquid crystal ce»8 having 
the W f iltera, when tha colour having low brightness Is diaplayed. * * ' * 
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For HxamplB. a conversion charadarl5tlQ rtiown In Flaure 10(0) may be adopted, nite converaton l8 ex- 
presBsd by the followlna equatlana (3) 



ID 



iB 



20 



3D 



W 0 if w. < c 

V if ff > c (^>i) 



(3) 



AoowtJing to the cottvereton oxpreasad by the equatlDnB (3). whan »e white component yalua to equa^^^ 
orlBSnapredeiormlnadvaluBC. the whlto«w«ponentvaluetechflnged into '^^^ 

having low briflhtnsea without using the nijuld crystal oaliB having the Wflltore. ^^.„,„ . 
WhenthewhltBOomponBnlvai«e|omorethBnthepredet6mlnedvalueC,thacoteurl8dl«pl8^^ 

the liquid crystal ooIIb havlna the Wfllt« In accordance with the 8'"?""''^ '"'f''^"^ ""^P'^^"^^ 

Needleea to fisy, the predetermlpad value C may be srtfbrafiullBble value In consideration ofthe display 
charactaristle of the llould orystal display panel and so on. . ^ . 

non-linear convereton la added to the B,G,B components, ao as to flompenaatB far the fell In the Mah^^ 
SfSa Image to be displayed. However. It la posalbte that the fall In ths brtghtness cannot be ""mpeft^ed by 
^nsTtha above ^s algorithm because tt» light tranaparant characteristlca of the liquid crystal cbHo 

andthBEalDurfltarthenaonarbnotoonBiant ^i..^* ^„ k*. «,oroiu 

More«,ar.thenon-llnsarchan«tariatlotoobtalntheW'd«aexpressedby^^^^^^ 
modified bythe changing the non^lnearoo^veratonpa^BmelB^a.Tharafore.tharnodl^lMtlonrf 
ohaBCtflilBtto cannot be changed freely, as It la difficult to acUuat the convemlon charactaristle to the ohara^ 

WO rKSnrrZe amo^fl the KG.B cclcur dat^ 

eonverima the minimum value WO. Namely, the W data b obtained by using the equattona (4). 
WO " Uln (R,G,%) 

Wl ■= 255 X / WO \^ (0C>1) (4) 




Accordlna to the n«Hlnear oonvaralon expressed by the aqiiations i*)- Jj^^'^'^^^'^f^Z 
aeterlstlo can approximate to the optimum conversion chawcJeilatlo easily and the quality of the displayed Im- 

^ IzK^a block diagram of another Imafla processing apparatus havtng thofuncttonof suppress. 

ing the white component axpreseed by the oquallon8(4>. , ^ ,, ,™«rtRr« neaud 

TlwImageprocasslngapparatusoomprisBaamlnlmumvaluedatBstorll.anon^Ilrwareoiwerlw^^^ 

halftm^e prooassorw-l ■ 14-4 and a display 15. which ai« similar to those ahown In FIflura 1 and Figure 11. 
hRgura 12. amatilxunlllela provided Instead ofthesubtiactora ia-1-13-3«hownln Flgura 1 and Rgura 

The minimum valua datector 11 detaots a minimum value among the R.G.B colour data and outputs the 

'^Tntrer^rr^iapScrms^ 

with the nQn-ilnaarcharactarlatlolW shown In Raure 10 (B) and outputs the Wl dat^ ^nu^data 
The WO data and Wl data are auppilad to the matrbt unit IB tcgethar with the R.6.B f»lQur data. 
The maWK unit IB performs a matrix operation expressed by the equation (5) on the RQ.P colour da» 

and tha WO.WI data to obtain the R.G'.B'.W' dab for diaplaylnfl a colour Vnage, 
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a41 


a42 


a43 


a44 


a45_ 
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If -ff- b fflJbstllutBd «br th*. matrtc pawmetem e41, a42. a43. end 'IS' ^^^''j^l^^^'^^,^^ 
matrix parawtan.a44 and a4S, reapBCtlvely. the arlthmBttooperatlflO axprnaaed by the dquatlonB (4) can ba 

°" Aile^litlvely. If the appropriate values era aubatituted fertha matrix parametam a41. a42, a48. bj44. a4B. 
theW J^raprafianflng^whtooomponenlcan 

£ S^lhe 3t Of the matrtx pa«n«t,r. a11 - aSS which a« uaedlcr obta,nl.fl the 
R..6'.B' data/tha colour displayed Pn tha basis of tha R.O.B colour date ran ba modlflad. Tha«f«f ' f'^ """^ 
stitutlnfl appri»pi1ata values for thaaa f inoen pammatara. the colour to ba dnplayad on the basb of the R,6.B 

'^""^TkS'!^wSL. the matrbc unit 16 ara aubjactad to tha paaud batftona prcoaaa by the paaud 
halfSa p«o^S 14-1 - 14^. raapeollvely. to form binary driving data. la. R'. 6». B". W- date «h c^^^^^ 
thoTquld cryatal calls provided with the R,6.B.Wf litem. The R«.G".B-,W data a» auppllod to the dlapl^B. 

^ Brained above, the white oomponent ie auppreBsed bx Ufiino tha aultabla conyerelon charataitatlc, 
80 tha whlta pixale can be daf Inltaly prevented from dotttne In tha jmaga havino low briBhmaB& 

Moreover, the matrix operation (a uaad. eo colour correction, tor example, tha corrertlon f 
beb^en tha colour defined by the R,G.B colour data and tha colour actually dlaplayed on»Ja b^ls ofthe 
R,Q.B colour data can be car Hed out aa well aa the euppreeelng of the vrtilta pixels. Accordingly, the colour 

dlaplayed can be more aullaWe. . 
iStarnat|vely.lfthematrUparameleraaieflhangBaWe.thecdo«roonver8tonorthe«o|^^ 

be carried outbv changing the malilxporafnalaia. 

Tn theembcLentedeecribadabove,the peeud halftone pn^oaaeora 14-1 -144ara P«>rtf«d c^j-reepond- 
Ing to the R,0,B.W coloura, respectively, and the pseud halftone procaaa, euch aa an error diffusion method. 

^ ''Srratt(«"yTnothe?J'roca8B. WhWi quantieea the foui-dlmenalon apace defined by ^''^W da^ 
to convert It Into one of the Bb(teen atatea ehown In Figure 6 and dlffusee tha error flenerated by the quantl- 
satlon Into pUala to be processed later, may be adopted as the paaud halftone process. 

m tha anbod»n8nta.the display Is composed of liquid cryatal eellB each of which diaplaya a bmery n«oa. 
However, a display devloe. which Is oompoaed of liquid oryatol cells or other display e lamente each of which 
can display an Image having more than two muBHevala may ba uaad. In this case, a multUevel pseud halftone 
DrticaBS may be adopted ae the paaud halftone proooaa. , ^ ^ , 

Moreover, olhar types of dbplay davlcea, such as a cathode-ray tube or a llgW-amlMnQ diode display, may 
be used Instead of the liquid crystel display diadoaed In the embodiments. 

Instead of the R,e,B colour space algnale, other colour apace elgnale, euch as YMC (y^ ow. magenta, 
cyan). U»a*b». YlQ, may be easily adoptad as colour data repraaentlnB a colour Image to ba displayed. 

Such colour data may be supplied from an image scanner which can read a colour image, a colour video 
camera or a sHIl video camera as vi^ellae the host computer. j„,„h«..t 

It wU be eppreoiated that the oomWnatlon of peeud halftone procaseorsand display may be ueed without 

Kreolated that in pseud halftone prooaesingthe "number' or'rattf'ofpMecarFesponds to tte 
ratio of actuated pixels In a unit area, these aottvated pbceie being transparent liquid cryatal cells In the ease 
of a ferroaleeiilo liquid cryatal display. ^ ^ ^, ^ K..*„,.oHio.«ta 

The praeent Invention wbb explained ebova In refarence to a few preferred ambodlmanta, but needlesa to 
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aay. the prfiswit IrrvanWon \b not limited to these emt^dimente but various modifications and changas «re pos. 
Claims 

"^'^ generating maatw for genaratlng colour dbploy data on ih« haala ^ the colour data and tTia white 
oomDonant data, the colour display data Including Mrtine display data; and ^ ' 

TsWaymifcfdlspliacdourlmaQaln^^^^^ 
maana dMaylng white pbcela In acoordancs wtth the whio display data. 

1 Apparatus aooorthg to claim 1. whoraln aald display wana fcirthw displays red. graan and Uue pUeja. 
a. Apparatus according f dalm 1. wherein aald display msBna has a llquW crystal display panel which is 

composed of a plurallly of liquid cryatal 
4 AppataluaaccordlnalDclalm 3. wherein saM liquid cfyatel display pand la compeeod of farroalectrlc liquid 

5. ApparatueaocQrdlnf|tr»dalm 1. wherelnsald Btfraotlon means axdracJs a minimum value among thecDi- 
our data as the white component data. 

ei Apparamsaccordlng to claim 6. wheraln aald exlractton means detects a minlmuin value among rod. green 
and blue data Included In the colour data. 

7. Apparabia according to dalm 1 , wherein said flanarBtlna moans generataa the oolouf display data by re- 
moving the whtta component data fimm the colour data. 

8. Apparatus according to claim 7, wharaln aald generating maanesut^tracts the white Bomponent data from 
red, green and blue data Included In the colour data. 

'"^^ss;',xtrerc£rww^ 

auppreaalnQ meariB tor wpprasaing tha white componani daw; ^ ^ a.u ...^ 

g^^umwB^r^t for Qonfirallnp colourdlaplay data on tha baate of the colour data and tha mp^ 

'^"liSnX^d^^^^^^^^^ 

10. AppamtUB Hccortiing to daHn 9. wherein a^Id display maana dlaplaya white pfxais m acoordance with the 
oolfiur display data. 

11. AppamtUQ according lo dalm 10. wharatn said display mewia furthardteplHya rad. graan and t>lue plxela. 

12. Apparatus accordlns to dalm ». wharaln m\4 display maana haa a liquid cryet^ dlaplay panel wtilch Is 
oomposad of a plurality of liquid Dryatel cellB. 

13. Appamtua according to dalm 12, wherein sbW 1I<;uW crystal display panel Is composed of fanoalactrlo 
6D liquid crystal. . 

14. Apparatua acfiowling to claim 9, wharaln aald auppraaalnQ maftns auppreswa ttia whtta component dgta 
In accordanoe with a non-llnoar chaiiactflrlstlc. 

15. Appsratua according to dalm fl, wharaln aald ajrtractlng means wdr^cta a minimum value among tho col- 
our data as the whlta component data. 

1B. Appamtua according to claim 16, wharaln aald extracrton maana extracta: a minimum value among »d. 
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Oresn and blue data Indudad In Ihe c»lai» data, 
17. ApparalusgccMdlng to dalm 9. whei^In saW QBnofatlng msarw aenera«6B Uia odour display data byre- 
moving the CTppraBBfld \wbte cjomponent data from iha onlour data. 
" IB. Apparatus aoo«dlng to daln. 17,.wharatn »ld flonw^tlnfl means subtracte the suppreesed white com- 
ponent data ftm red, green and Wub data Induded in the colour data. 

19. Image procaaalng apparatue, coinpilflInQ: „w„„. 
Input meane Wnputtlng multHwel colour data roproBenUna a colour hiaga; 
« pei d iTpio^eeeStfl meane for performing on the muHHeval coiour deta a peeud halftone 

• proca^ to express a halftone Imaee by contioliing the rate of pbieiB In a unit area; and 

dlJlaSfmeana for dlsplayira a oolour Image In accoidanae with the colour data eubjeoted to the 
' pseud hetftone process. 

» 20. Appamtue aocordlng to dahn IB, wherein eald display meane le composed of a p(ur«ilty of display el^ 
ments, each of whldi displays binary Image. 

21. Apparetueaooordlna to data. 19. wherein eald dleplay meane haa eilquld crystal display panel which ootn 
elals of a piurdlly of liquid oryetal Bella. 

22. ApparatuaBOCOidinfltDcteim21,whemlneachotaBidllquldorystalc»tedisplayBbinerylmage. 

28. Apparatue aclnrdlns to dalm 21. wher«In said liquid crystal display panel la compoeed d farioelectrto 
liquid cryalal. 

24. Apparatu8aocordlnfltodalmlQ,wherelnaaldpa«Jdhalftonopmce68lngmBBfl8performsthep8eudhatf. 
tona pronaaa In accordenco with an error diffusion mothod. 

2B ADoaratiieaooordina to delm IB, wheraln the multi-level oolour date Inotudee white display dale, and eald 
Kfy 13 WlSa 21 Pbceie In ecoortance with the white display data subjected to the pseud 
halftone procwe, 

2B. ImaoB iJrocaaalnfl method, comprlGing; i^^^^, 

Bxtradlna whits camponent data flrom oolour darta repreaantlng q colour (maga, ^ 

^ colour display data Inclgding white display data; end 
white pixel In aocmrdanoB with the white display data. 
zr. Maihod aasordlng to claUn 26, wherein the colour tmafle ^ diaplayad by lislng red. er^an. blue and whtta 
4P pbcel9r 

28. Method Bocordlng to dalm2e; wherainthe odour Image le displayed byallquld crystal display panel which 
Is eompoeed of a plurality of liquid cryalal cells. 
^ 29. Method aocortiInQ to dalm 2fl. wherein the liquid crystal dl-epiay panel is composed of Iteroeiactric liquid 
crystal. 

30. Method atoordlno to dalm 28. wherein a minimum value amonfl the colour data la extracted as the white 
componont dati^ <^ 

31. Method eoooidlnB to dalm 30, wherein the minimum value among red; gieen and blua data Included in 
the colour data Is BXtraoted ee the whita component deta. 

32. Mathod according to dalm 26. wherein the colour display data are gene,rfed by removing the while com- 
ponent data from the colour data. 

" 33. Methodacco«llngtodaim32.whereintheodourdlsp|aydataBregoneratedbysub*actin8thewhltecom- 
ponent data from red, flreen.and.bluedata.lndudBd in the coiour dete. .... 
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34. imaQB prooesaing method, comprising: 

extmcUng white component clata frwn colour data representing a oolour image. 

suppressing ths white componant data; «^r,r,ru.«f 

ganei^tlng DQimir dlspldy data on the basis of tha colour data and tha ^uppre^ white oomponent 

5 data, ^^^^^^^j^^ ^ ^^^^^ j^g^^ aonordancB with the coiour die play data. 

3fi. Method BOfiortlng to claim 34. wherein the colour Image la dteplayad by using rad, green, blue and white 
pbcets* 

36. Method0CCOrdIn9todalm34.wheralnth8M|ourlma9aIsdl.pteyad^^ 
ia compoaad of a plurality of liquid cryatat cell«. 

37. Method according to dalm 36, wherein the liquid cryetel diaplay panel te comp^ad oTferroelectrb liquid 
crystal. 

3a. Mathod aaoordtna to olaJm 34. wherein tho while componant ia auppraaaed in accordanca with a non-lin- 
ear characterletlc. 

3a. Method according to delm 34. wharaln a minimum value amono the colour data Is extracted »o the white 
20 component data. 

. 40. Method accordlns to daim 39, whorein tha minimum valua among rad. g«en and blue data indluded h 
the colour data le adrectad as the whUa component data. 

2B 41. Method according to dalm 34. wheraln the colour display data ere generated by removing the suppressed 
white cc*riponflnt data trom the colour datg. 
42. Method aaoording to dalm 41, wherein lh« colour dteplay dete ere Qaneratad by «;b^actlnfl the bup- 
praeeed white component data from rad, green and blue data induded In tha colour data. 

^ 43. image processing method, comprlalng: 

inputting mum-lavel cdour data rsprssantlno a colour image; 

pBTforming on the muItWaval cdour data a paeud halftone process to wpraes a halftone Imaga 



IB 



35 



by conlrtrfling tha rate of pixels In a unit area; and ^ k^if*„n« nrA*^ 

dlaplaylngacolourimagelnaccortancewlththecolourdateautiectedto 



44, Method according lo claim 42. wherein the colour Image Is displayed by a plurality of display elements, 
each of which displays a binary Image. 
^ 45. Method according to delm 43, wherein the colour Image ladlsplayad by allquld crystal display panel Which 
ia composed of a plurality of liquid o'yatal cetla. 
48, Mathod according to dalm 46, wherein each of aaid liquid cryatel odia dlaplaye a binary Image. 

47. Matbcd according to dalm 4£, wherein aald liquid crystal display penal le Qt«np068d of ferroelactrto liquid 
cryetol. 

48. Method according to dalm 4a. wharain the paeud halftone proDeaa le perforined In accordance with an 
error dlffualon melhed. 

* 43. ImaQB prooaaalng apparatus, coinprlsing: 

Input meana fbr Inputting colour data ropnesentlng a coiourlmaga; 
prDcoBsIng maane for proceaalng the colour data to produca colour display data; end 
diBolay means for dlsdayinfl a odour imaoe on the baala of the colour display data; 
ShSe^d In^^^^^ maena displays the colour Image udng a plurality of two level 

^'''^''^ndthataald proceaalng mBanoprDducaethacolourdMay data which expreeeeshamonei^^^^ 
by using tha plurality of two level pixels. 

12 



PAGE 22/33 * RCVD AT 6/13/2007 4:34:35 PM pstem Daylight Time] * SVR:USPTO-EFXRF-2/16 * DNIS:2738300 ' CSID: * DURATION (infn-ss):08-36 



JUN-1 3-2007 WED 04:45 PM FAX NO. 



BP 0 295 A2 



5 



10 



IS 



20 



2& 



30 



36 



40 



45 



fio. Appamlue according to claim 46, wherein &aM procftsaing means compriafia: 

extraction meana tor axlractlng wWta component data from the coioii- dat^i and 
Srating means tor generating oolour dlapUy dat. ^ 

component data, the colour dMay data including VirtiUfi display data» 

competent aa^ ilaplay ™ana displays wlilta pixels In acc^anc« with the white dteplay data. 

*;i AnDflraiufi aooofdlnfl to dalm 49, wherein saW procoeslng meana comprtBoa: 
express a halftonB Image by centrQlllnfl tha number of pbnia In fl unit area. 
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